Abstract: In the international research, biomimetic lifting surface are analyzed in various aspects: construction, aerodynamics and energy. The specificity of the flying wings determined similarity between the aeromechanical and the biomimetic concepts leading to numerous challenges in terms of construction, aerodynamics and actuation. The Aeromechanics of the biological flight focuses both on the various forms of lifting surfaces and the biomechanical aspects. This article contains a number of references to the biological inspiration of the morphing concept, a brief introduction to the theoretical area of the flying wings and a numerical analysis of biologically similar morphing geometry completed by conclusions and future approaches.
ABBREVIATIONS AND SYMBOLS
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Biological inspiration of flight. Flight types
Flight is the main mode of locomotion used by most species of birds for feeding, breeding and avoiding the predators. Researchers have been inspired by the basics of biological flight in order to develop aerial machines in the concept of morphing.
Aeromechanical biological flight is based on three fundamental movements of the wings: the swing movement, the twisting and the tilting movement, see Figure 1 . In order to control the flight according to morphing concept for the soaring and maneuvering flights our approach only choose the wings movements of torsion and tilting along the span, transposed to the mini UAV lifting surfaces.
Specialized references [1, 3, 22, 23] provide a number of instances of birds in flight float and maneuver sequences, see Figure 2 . According to [2, 4] we have the angles (α), the force of lift (L) and speeds in soaring flight see Figures 3 and 4. 
Wing planform and classes of flight
The shape of the wing is an important factor in determining the flight type, so that different forms lead to various compromises between the characteristics and performances such as speed, power consumption, maneuverability. Wing is characterized by two important factors: the aspect ratio (λ) and wing loading (G/S). Fig. 5 Types of the biological wings [5] Biological lifting surfaces can be classified into four main groups as follows: elliptical wings (short and rounded) with small elongation (hawks, sparrows, partridges), high-speed wings (peregrine falcons, ducks), high elongation wings (kestrels, sea birds -cormorants, herons) and soaring flight and high elongation wings (eagles, pelicans, storks), see Figure 5 [5]. The literature [2, 6, 14, 17] provides data for flight characteristics of the bird species that use soaring flight, see Table 1 . The frigate has the lowest wing loading (36.5 N/m 2 ) having therefore the smallest turning radius; however, it can not take off from horizontal surfaces unlike the pelican, and the vulture is best to land and take off in crowded and bumpy areas. 
The current state of the UAV type flying wings
According to [7, 10, 11] for a comparative approached we present the UAV categories that include a series of flying wings with geometries comparable to those from the biological environment, see Figure 6 and Table 2 .
Orbiter, USA (miniUAV) [7] Fulmar, Spania [10] Eagle Scan, SUA [11] Fig. 6 Flying wings 
THEORETICAL REFERENCES
For a 2D vision, professional references [12, 13, 21] indicates a series of biological aerodynamic profiles of the flying wings ( Figure 7 ) and airfoil variation of the biological wing [18, 19] , see Figure 8 . From figure 7 common features of biological airfoils of the wings can be noticed: both the large curvature on the upper side of the profile and the thinned trailing edge of the wing airfoil and the spanwise variation with the change in the local angle of incidence (Figure 8 ).
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Fig. 7 Airfoils -biological lifting surface (biological wings) [12] , [13] , [17] , [21] Fig. 8 Stork wing [18] , [19] According to the references and research in the field [14, 15, 20] we can identify aerodynamic airfoils similar to the biological ones, see Figure 9 .
a. Eppler 378 b. S 1223 Fig. 9 Biologically equivalent airfoils [14] , [15] , [20] 3. AERODYNAMIC ANALYSIS
2D analysis
For a 2D analysis Eppler 378 airfoil family (see Figure 10 ) and XFLR5 freeware tool v.6.06 (code Xfoil) are utilized [16] . The analysis conditions are shown in Table 3 . The airfoils provide a series of polars numerically analyzed and highlighted in Table 4 and graphically shown in Figure 11 (a, b, c, d ). 
3D Analysis
We propose to analyze a lifting surface of flying wing type (gull wing) in concept morphing having a geometry similar to that of the bald eagle, see Table 5 and Figure 12 ; the analysis is performed by the freeware tool XFLR5 6.06 [16] . The analysis was performed on a 3D configuration in gliding flight (see Figure 11 ) having the characteristics and initial conditions shown in Table 6 .
The graphs in Fig. 13 present a lifting surface in two comparative configurations with wingtips Eppler 378 and Eppler 378 1%, with highlighting of the aerodynamic coefficients and moment coefficients. The analysis characteristics are selected in view to have the similar flight conditions of the biological wings. For the evolution in the gliding/soaring flight for the 4 0 -12 0 AoA range, differences of the lift, drag and moment coefficients behavior (leading edge of the wing MAC),which are shown in Fig.13 and listed in Table 7 , can be noticed at both configurations. In Figure 13c a longitudinal instability of both configurations with neutral steering, highlighted by reverse slope of the pitch coefficient time can be noticed. For the correct slope of the coefficient stability it is necessary the action of the tail assembly to a negative angle of incidence.
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Although a decreasing of the lift coefficient (C L ) to the wingtips with Eppler 378 profile (1% curvature) can be noticed a better behavior regarding C D , glide ratio (C L /C D ) and the bending moment coefficient (BM) can be observed because of the pressure discharges to the extremal areas of the lifting surfaces, see Figure 13 and figures 14-19. To improve the flow wingtips negative or twisted wing, winglets, [24, 25, 26] or blowing boundary layer with the Coanda effect in these areas [27, 28, 29] should be adopted. Eppler 378
Eppler 378 1%
Induced drag is highlighted in Figure 21 with a significant decrease in extreme areas of the wings (trailing edge). 
CONCLUSIONS
The software tools used in this analysis determine a trusted range of results that sometimes requires a high degree of refinement proportional to the design approach error value and the methods used. This article reveals aspects of aeromechanical aspects of the flying wing lifting surfaces, analyzed based on geometry similar to the biological one, focusing only on the characteristics and aerodynamic performance of the lifting surfaces extremities. Obtaining optimized results involves the use of a 2D geometric similarities package (biological geometric profiles), 3D (in plan form of the bearing surfaces) and mass similarities (total mass and balance) with higher degrees of refinement. To analyze the maneuver control in gliding/soaring flight (without wings flapping) initial conditions for aerodynamic simulation are required for characteristic angles of the lifting surfaces (eg: the dihedral angle of the wing, lateral and longitudinal angles of the tail assembly/tail). Validation of the results with free software tools should be compared with commercial CFD codes (i.e., Solidworks-Floworks, Ansys-Fluent) which provide a high degree of confidence on the pre-processing and post-processing data analysis, [29, 30] .
